Summary
In the course of post-mortem bacteriological examination of conventional guinea pigs , 88 isolates belonging to thePasteurella-Actinobaci/lusgroup were recovered from 69 of 279 animals (25%). Most isolates were recovered from pneumonic lung, enteritic jejunum and inflamed mammary gland. No relationship was found between biotype and source of isolation. About 50% of isolates were recovered in pure culture or as the predominant micro-organism. It is concluded that members of the Pasteurella-A ctinobaci/lus-group must be considered potentially pathogenic for guineapigs.
Based on deoxyribonucleic acid base composition (GC-content), physiological and morphological characteristics, Pasteurella spp. and Actinobacillus spp. are very closely related (Mannheim, Pohl & Hollander, 1980) , and can therefore be considered to constitute the Pasteurella-A ctinobacillus-group. All are non-motile, facultatively anaerobic growing on ordinary media, Gram-negative, coccobacillary or sometimes pleomorphic rods, catalase and oxidase positive and produce acid from glucose. However, micro-organisms fulfilling these criteria are, based on different additional characteristics, commonly classified either as Pasteurella spp. or as Actinobacillus spp. Consequently, infections caused by members of the Pasteurella-Actinobacillus-group have been described either as pasteurellosis, mainly in laboratory rode-nts and rabbits, or as actinobacillosis, mainly in cattle, horses, swine and sheep.
In rabbits, P. multocida causes serious infections including upper respiratory tract infection (snuffles), pneumonia and septicaemia. P. pneumotropica is a recognized respiratory pathogen in mice and rats. A survey of the literature suggests that guineapigs are not frequently infected by members of the Pasteurella-A ctinobacillus-group. Only 2 reports on pasteurellosis in this animal species were found. Stewart & Letscher (1976) reported the isolation of an atypical Pasteurella-like organism from subcutaneous abscesses in 4 animals. Mannheim, Pohl & Stenzel (I 978) isolated 3 unclassified Pasteurellalike strains from, respectively, a case of putrid conjunctivitis, an outbreak of epidemic conjunctivitis and from pneumonic lung.
Until recently, micro-organisms classified as Actinobacillus spp. have not been considered important pathogens for the common laboratory animals. Actinobacillus spp. have been isolated from rabbits with tarsal joint abscesses (Arseculeratne, 1962) . Simpson & Simmons (1980) reported the recovery of 2 types of Actinobacillus from nasopharyngeal washings and caecal contents of healthy Syrian hamsters, Chinese hamsters and rats, whereas only I isolate was recovered from a pouch abscess in a Chinese hamster. A. equuli and A. lignieresii were isolated from healthy guineapigs, rats and mice by Lentsch & Wagner (I 980), mostly from the nasopharynx. However, 6 isolates were recovered from cases of otitis media in rats and mice and I isolate was found in a guineapig with conjunctivitis.
We report the isolation and discuss the pathological significance of 88 isolates belonging to the Pasteurella-A ctinobacillus-group recovered from a wide variety of pathological lesions in conventional guineapigs. Biotyping of our isolates was performed to discover a possible relationship between biochemical characters and source.
Materials and methods

Sources and methods of isolation
Most of the animals included in this study belonged to the conventional guineapig breeding colony of the National Institute of Public Health, which housed 2000 breeding females on average and showed a mortality rate of about 5% per year (breeding period averaged 2 years). All other guineapigs submitted for post-mortem examination were animals weaned from this colony, which were used as sentinels or were used in experiments.
On the basis of any gross pathological lesion, tissues from 279 out of 448 animals autopsied, were selected for bacteriological examination. 
Sources of isolates
The 88 isolates were recovered from the tissues of 69 guineapigs. Table 3 shows that 34 isolates were cultured from the respiratory tract or related sites (mainly pneumonic lung), 30 were cultured from the digestive tract or peritoneal fluid (primarily enteritic jejunum), and 24 were recovered from a variety of other sites, mainly the mammary gland.
No relationship was found between urease reaction or any other individual test result or type and source of isolation. Isolates from different pathological lesions in the same animal were usually of the same type, but in some cases different types were obtained from the same lesion in an individual animal. About 50% of our isolates (46 out of 88) were recovered in pure culture or as the predominant micro-organism (Table 4 ). Most other isolates were recovered from mixed infections with Streptococcus zooepidemicus, Bordetella bronchiseptica and/or Staphylococcus aureus.
Samples from affected organs were inoculated onto 2 plain sheep-blood agars, a sheep-blood agar containing nalidixic acid (40 Ilg/ml) and an Endo agar. One sheep-bluod a%ar was incubated anaerobically for 24 h at 37 C. All other media were incubated aerobically for 24 h at 37°C.
Biochemical characterization
Initial identification tests included Gram-staining, oxidase activity (using a freshly made I % aqueous solution of tetramethyl-p-phenylenediamine hydrochloride), catalase reaction (using 3% hydrogen peroxide), acid production from glucose (using peptone water with Andrade's indicator) and motility in hanging-drop preparations from tryptone water.
Facultative anaerobic, non-motile, Gramnegative, coccobacillary, sometimes pleomorphic rods, which were catalase and oxidase positive and produced acid from glucose, were further biotyped by inoculation of a 2% solution of each of the following carbohydrates in peptone water with Andrade's indicator: sucrose, lactose, adonitol, dulcitol, d-mannitol, inositol and salicin. Methyl red and Voges-Proskauer tests were performed in MR/VP broth. Reduction of nitrate to nitrite was tested in peptone broth with 0·1 % KN03 by adding a mixture of sulfanilic acid and a-naphthylamine. Citrate utilization was tested by inoculation on Simmon's citrate agar. Indole production was tested in tryptone water (using Kovac's reagent). Urease activity was tested on Christensen's urea agar. Gelatin liquefaction was tested in stab culture and H2 S production was tested uSing TSI agar slants. The ONPG-test was performed and finally lysine decarboxylase activity was tested in M0ller's medium. As far as ap!'licable, tests were read after 48 h incubation at 37 C. 
Results
Cultural and biochemical characteristics
Isolates on blood agar and Endo agar produced colonies 1-2 mm in diameter after 24 h incubation. On both media colonies were circular aRd convex with an entire edge. Colonies on blood agar were non-haemolytic, grey/white and translucent, on Endo agar, pink to deep pink.
In addition to the characteristics typical for members of the Pasteurella-Actinobacillus-group (facultatively amlerobic, non-motile, Gramnegative, catalase positive, oxidase positive, acid from glucose) Table 1 gives 13 other biochemical characteristics common to all isolates. Table 2 gives the characteristics in which the isolates differed from each other, yielding 8 different test combinations or types.
Discussion
Based on deoxyribonucleic acid base composition (GC-content), physiological and morphological characteristics, Actinobacillus spp. and Pasteurella spp. are very closely related (Mannheim et al., 1980) . The value of individual phenotypical features for species classification within the Actinobacillus-Pasteurella-group is still not clear. A survey of the literature on actinobacillosis in laboratory animals and pasteurellosis mainly in guineapigs indicates that in general indole-negative members of the Pasteurella-Actinobacillus-group can be separated into urease-positive Actinobacillus spp. and urease negative Pasteurella spp.
Based on the outcome of the urease test, our 88 indole-negative isolates could be separated into 70 urease-negative strains provisionally called and 18 urease-positive strains, provisionally called Actinobacillus.
The isolation of indole-negative-urease-negative members of the Pasteurella-Actinobaci/lus-group, classified as (atypical) Pasteurella-like micro-organisms or Pasteurella spp. has been reported from guineapigs (Stewart & Letscher, 1976; Mannheim et al., 1978) and from the respiratory tract of chickens suffering from chronic fowl cholera (Hall, Heddleston, Legenhausen & Hughes, 1955) . The chickenisolate was later classified as P. gallinarum (Frederiksen, 1973) .
The remammg 18 isolates showed a positive urease reaction. Isolates of indole-negative-ureasepositive members of the Pasteurella-A ctino bacillusgroup, classified as A. lignieresii and A. equuli have been reported from guinea pigs, rats and mice (Lentsch & Wagner, 1980) and from a rabbit (Thigpen, Clements & Gupta, 1978) , although this isolate was originally classified as P. aerogenes.
In addition, what seem to be Actinobacillus spp. isolated from rats (Simmons & Simpson, 1977) , were classified as P. pneumotropica.
Actinobacillus spp. isolated from rabbits by Arseculeratne *Number of recoveriesin pure culture or as predominant micro-organism/total number of recoveries. were isolated from a wide variety of sources in connection with various pathological conditions. Our results suggest that these micro-organisms might be responsible for serious infections of the respiratory tract and related organs, i.e. cases of (pleuro)pneumonia, tracheitis, rhinitis and otitis media. Also several recoveries from enteritic jejunum and from abdominal organs in cases of septicaemia, suggest that these micro-organisms should be considered pathogenic for guineapigs. Although 50% of our isolates were recovered in pure culture or as the predominant micro-organisms from affected tissues, other isolates were recovered in combination with S. zooepidemicus, B. bronchiseptica and/or S. aureus, which might raise some doubt as to the potential pathogenicity of members of the Pasteurella-A ctinobacillus-group.
Moreover, no information is available with respect to possible concomitant viral infections, which might trigger secondary bacterial infections. For instance, Sendai virus infections occur frequently in guineapig colonies (Parker, Whiteman & Richter, 1978) Culture site Lung Jejunum Mammarygland Other sites All sites 8/17* 24/28 2/11 12/32 46/88 and the interactions between Sendai virus and bacterial pathogens in the lung are well recognized (Jakab, 1981) .
All isolates included in this study fermented sucrose, but failed to produce acid from adonitol and salicin within 48 h: These characteristics seem to be common to all members of the Pasteurella-Actinobacillus-group (Frederiksen, 1973) . Most of our urease negative isolates fermented dulcitol, within 48 h, whereas our urease positive isolates did not. Variation in the carbohydrate fermentation pattern of mem bers of the Pasteurella-Actinobacillus-group is well-known. Our isolates differ in up to 3 fermentation reactions from the various Actinobacillus spp. (Lentsch & Wagner, 1980; Arseculeratne, 1962; Simpson & Simmons, 1980) and Pasteurella-like organisms (Stewart & Letscher, 1976; Mannheim et at., 1978) isolated previously from laboratory animals and the chicken-isolates reported by Hall et al. (1955) .
Of the 88 isolates, 43 produced very small amounts of gas from glucose. Gas production was not related to culture site. Gas production is considered atypical for members of the Pasteurella-Actinobacillus-group, but a number of gasproducing pasteurella's or Pasteurella-like organisms has been described (see Stewart & Letscher, 1976) . Gas production by Actinobacillus has been reported in 2 types isolated from pigs (Dickinson & Mocquit, 1961) . Until now the utilization of citrate, which was found in 3 of our urease positive isolates, has not been reported elsewhere, although it must be stated that this property is infrequently tested.
We conclude that members of the Pasteurella-Actinobacillus-group must be seriously considered as potentially pathogenic micro-organisms for guineapigs. Therefore, it is our opinion that SPFcolonies of guineapigs should be monitored for the presence of these micro-organisms. Experimental infections in gnoto biotic animals will be necessary to assess more precisely the pathogenicity of members of the Pasteurella-Actinobacillus-group.
